II. REMARKS 

A. Status of the Claims 

Claims 1-32 were pending in the case at the time of the Office Communication, with 
claims 33-43 having been previously canceled without prejudice or disclaimer as being directed 
to a non-elected invention. Claims 5-7, 10-13, 16-25, and 31 have been withdrawn as being 
directed to a non-elected invention. Thus, claims 1-4, 8-9, 14-30, and 32 are currently under 
consideration. 

B. Response to Office Communication 

According to the Office Communication, the response to restriction requirement filed on 
July 20, 2007 is said to not fully be responsive to the restriction requirement mailed June 6, 2007 
because the elected species of SEQ ID NO: 11 does not correspond to the sequence disclosed in 
the sequence listing, and because certain listed claims are not readable upon the elected species. 

In response to the restriction requirement imposed by the Examiner, Applicants have 
previously elected, without traverse, the Group I invention (claims 1-32, drawn to a method for 
preparing a peptide antigen with modulated immunogenicity, said method comprising 
substituting at least a first amino acid located in a CTL epitope with a first substituted amino acid 
residue having an extended or shortened side chain as compared to the first amino acid residue). 
In response to the election of species imposed by the Examiner, Applicants elect, without 
traverse, F8-1: KIFGSLA-iso-Phe-L (SEQ ID NO: 11). This peptide includes the unnatural 
amino acid iso-Phe to modulate the side chain. The claims readable upon the elected species 
include claims 1, 2, 3, 4, 8, 9, 14-15, 26-30, and 32. Claims 5-7, 10-13, 16-25, and 31 have been 
withdrawn as being directed to a non-elected invention. . 
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The Examiner also states in the Communication dated July 7, 2009 that the instant 
specification does not disclose the structure of iso-Phe. Applicants disagree, noting that the 
specification indicates that in contrast to Phe, "Iso-Phe lacks the Ch 2 group between the phenol 
ring and the peptide bond." Specification, page 51, lines 10-11. One of ordinary skill in the art 
would understand the structure of Iso-Phe based on this disclosure. As further evidence that this 
structure was known in the art, Applicants herein submit the following evidence from before the 
priority date: Castilleja et al, The Journal of Immunology, 2002, 169: 3545-3554 (Exhibit 1). 
Table 1 of Castilleja et al. indicates that Iso-Phe has "a 1 CH2 deletion of Phe." Table 1, page 
3547. One of ordinary skill in the art would know the structure of Phe, and the structure wherein 
a 1 CH2 is deleted. No evidence to the contrary has been set forth by the Examiner. 

Applicants previously noted an erroneous designation of SEQ ID NO:l 1 in the sequence 
listing. The correct sequence is KIFGSLA-iso-Phe-L. Applicants have previously filed a 
replacement sequence listing. 

D. Conclusion 

The foregoing is believed to be a complete response to the Office Communication dated 
July 9, 2008. The Examiner is invited to contact the undersigned attorney at (512) 536-5639 
with any questions, comments or suggestions relating to the referenced patent application. 
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FULBRIGHT & JAWORSKI L.L.P. 
600 Congress Avenue, Suite 2400 
Austin, Texas 78701 
512.474.5201 (telephone) 
512.536.4598 (fax) 

Date: 



Respectfully submitted, 

Monica A. De La Paz 
Reg. No. 54,662 
Attorney for Applicants 



55254359.1 



EXHIBIT 1 



The Journal of Immunology 



Induction of Tumor-Reactive CTL by C-Side Chain Variants of 
the CTL Epitope HER-2/neu Protooncogene (369-377) Selected by 
Molecular Modeling of the Peptide: HLA-A2 Complex 1 

Agapito Castilleja,* Darrick Carter," Clay L. Efferson,* Nancy E. Ward, 1 " Kouichiro Kawano,* 
Bryan Fisk, 2 * Andrzej P. Kudelka,* David M. Gershenson,* James L. Murray, 11 
Catherine A. O'Brian, 1 " and Constantin G. Ioannides 3 * § 

To design side chain variants for modulation of immunogenicity, we modeled the complex of the HLA-A2 molecule with an 
immunodominant peptide, E7S, from the HER-2/neu protooncogene protein recognized by CTL. We identified the side chain 
orientation of E75. We modified E75 at the central Ser s (E7S wild-type), which points upward, by removing successively the HO 
(variant S5A) and the CH2-OH (variant S5G). Replacement of the OH with an aminopropyl (CH2)3-NH3 (variant S5K) main- 
tained a similar upward orientation of the side chain. S5A and S5G were stronger stimulators while SSK was a weaker stimulator 
than E75 for induction of lytic function, indicating that the OH group and its extension hindered TCR activation. S5K-CTL 
survived longer than did CTL induced by E7S and the variants S5A and S5G, which became apoptotic after restimulation with 
the inducer. S5K-CTL also recognized E75 endogenously presented by the tumor by IFN-y production and specific cytolysis. 
S5K-CTL expanded at stimulation with E75 or with E75 plus agonistic anti-Fas mAb. Compared with S5K-CTL that had been 
restimulated with the inducer S5K, S5K-CTL stimulated with wild-type E75 expressed higher levels of E75 + TCR and BCL-2. 
Activation of human tumor-reactive CTL by weaker agonists than the nominal Ag, followed by expansion with the nominal Ag, 
is a novel approach to antitumor CTL development. Fine tuning of activation of tumor-reactive CTL by weak agonists, designed 
by molecular modeling, may circumvent cell death or tolerization induced by tumor Ag, and thus, may provide a novel approach 
to the rational design of human cancer vaccines. The Journal of Immunology, 2002, 169: 3545-35S4. 



Induction of tumor-reactive CTL by vaccination is a promising 
approach to cancer therapy. Because tumor Ags are weak im- 
munogens, their immunogenicity must be enhanced if the vac- 
cine is expected to induce antitumor CTL-effector responses. En- 
hancement of immunogenicity is determined by the ability of the 
modified agonistic tumor Ag to induce higher levels of effector re- 
sponses than does the wild-type epitope itself. The higher sensitivity 
of the agonist-induced CTL for the wild-type Ag is illustrated by 
higher levels of cytokine secretion and higher levels of cytolysis at the 
encounter with the tumor Ag or the tumor itself. Strong agonistic 
immunogens are generally designed by one of two general approach- 
es: 1) to modify immunogens so that they bind the HLA-A, B, (re- 
presenting molecule with higher affinity than their corresponding 
wild-type counterparts; or 2) to modify the TCR contact site so that 
agonistic variants of the tumor Ag can enhance the responses of T 
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cells by their TCR contacts (reviewed in Ref. 1). The first approach 
has been used successfully for normally low-affinity binding HLA-A2 
peptides such as MelA, C85, and GP2 (2-7). The second approach is 
currently used for higher affinity MHC-I-binding peptides. The ratio- 
nale of the second approach is to replace residues in the Ag that 
contribute less to the peptide binding affinity for MHC-I and are less 
likely to contact the TCR with other residues which by their size can 
create novel contacts for the TCR (1, 8-9). 

Mutation of naturally occurring peptides recognized with high af- 
finity at their TCR contacting residues usually results in less potent 
ligands (10). Thus, mutation of a CTL epitope can lead to a partial 
agonist or an antagonist. In this regard, one approach for producing 
stronger agonists has been to modify the surface conformation of the 
MHC molecule by using buried peptide side chains (11) or buried 
phenolic groups (12). This also augmented the number of TCR spec- 
ificities that responded to a single peptide determinant (11, 12). A 
novel approach to change the MHC affinity for TCR is to modify only 
the side chains of the amino acids that can contact the TCR. This 
approach requires identification of such side chains and selective use 
of modifications so as to enhance tumor Ag stimulation ability while 
avoiding CTL death from overstimulation. Because only the wild- 
type Ag is presented in vivo, a central requirement to be fulfilled by 
side chain modifications of the peptide is that the cells that are acti- 
vated by the variant must survive at encounter with the wild-type Ag. 
This means that the wild-type Ag should induce the same or better 
protection from death by apoptosis in CTL that have been induced by 
the variant than the variant itself. 

Modulation of immunogenicity in this way requires identifying 
the peptide-MHC-1 complex (pMHC-1) structure, the side chains 
pointing upwards in the central peptide area, and using as replace- 
ments peptides whose side chains have similar degrees of freedom 
for flexible orientation at the central position so that they differ in 
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their biological potency. The pMHC-1 structure can be modeled by 
using as a "search model" the crystal structure of another peptide 
that has structural similarities with the pMHC-1 (13, 14). Identi- 
fication of the positioning of the side chains of the residues in the 
central area at amino acid positions 4-7 allows changes to be 
focused in the area that complements the TCR combining site. This 
area was recently identified as the functional "hot spot" that allows 
TCR to finely discriminate among similar ligands (10). A side 
chain in the central area pointing upwards (toward the TCR) can 
achieve more extensive contact with the TCR than others. This 
contact is provided by an increase in van der Waals forces from the 
hydrophobic side chains, or by an increase/decrease in hydrogen 
bonds by OH groups, or by an increase/decrease in charged inter- 
actions. Whether the side chain extension correlates with increased 
immunogenicity remains unknown. 

To address these questions, we examined the binding of the 
HER-2/neu protooncogene (HER-2), CTL epitope E75 (369-377) 
to HLA-A2 at the atomic level. Molecular models of the E75- 
HLA-A2 complex indicated that the side chain of the central Ser 5 
(S373) points upward. Thus, the OH group can either enhance 
binding at the TCR via a hydrogen bond, or sterically hinder the 
interaction with the TCR by decreasing the affinity of the TCR for 
the pMHC-I. If the first hypothesis is true, then removal of the OH 
group should decrease the affinity of binding by the TCR and de- 
crease signaling, hence variants in which the central Ser is replaced 
by Ala or Gly should be less immunogenic than wild-type E75. If. 
the second hypothesis is true, then Ala/Gly variants should be 
more immunogenic than the wild- type E75. To address the re- 
quirement that variant-induced CTLs survive their encounter with 
the wild-type Ag, we created another variant reasoning that stim- 
ulation with that variant should protect responding cells from death 
by overstimulation. This variant should stimulate some of the effector 
functions weaker than E75, and E75 should activate the variant-in- 
duced effectors. The only alternatives that would not disturb the pep- 
tide bond were positively and negatively charged side chains. Because 
the negatively charged amino acids Glu and Asp have bulky carboxyl 
groups, we replaced Ser 5 with the positively charged Lys 5 (variant 
S5K). The aminopropyl group of Lys extends farther and has a greater 
flexibility than the acetyl group of the Glu. 

Priming with variants S5A and S5G enhanced the induction of 
IFN-7 and E75-specific cytolysis of CTL from two donors known 
to respond to E75, but the responders died faster than did the cells 
that had been stimulated by E75. In contrast, variant S5K induced 
higher levels of IFN-y, but not of CTL activity against E75 than 
the E75-induced CTL (E75-CTL). In a "weak responder" to E75, 
S5K-induced CTL (S5K-CTL) recognized E75 with lower affinity 
than did E75-induced CTL. S5K-CTL survived longer than the 
E75-CTL, which became apoptotic at restimulation with E75. Of 
interest, restimulation with E75 resulted in better protection from 
apoptosis in the S5K-CTL than did restimulation with S5K. This 
protection was paralleled by higher Bcl-x L to Bad ratios and higher 
Bcl-2 levels than the ones induced by S5K. Thus, the side chain 
variants that were less activating than the wild-type Ag induced 
specific CTL for the E75 expressed on tumors. Such CTL were 
then expanded by E75, indicating that the nominal Ag or stronger 
agonistic variants can use priming with weak agonists to bypass 
induction of apoptosis. 

Materials and Methods 

Cells, Abs, and cytokines 

HLA-A2+ and PBMC were obtained from completely HLA-typed healthy 
volunteers. T2 cells, ovarian SKOV3, SKOV3.A2 cells, and indicator tumors 
from ovarian ascites were described (15-17). mAb to CD3, CD4, CD8 (Ortho 
Diagnostics, Rantory, NJ), CD 13 and CD 14 (Caltag Laboratories, San Fran- 



cisco, CA), and HLA-A2 (clone BB7.2; American Type Culture Collection, 
Manassas, VA) were either unconjugated or conjugated with FITC or PE. Ag 
expression by dendritic cells (DCs) 4 and T cells was determined by FACS 
analysis using a flow cytometer (EPICS-Profile Analyzer; Coulter Electronics, 
Hialeah, FL). GM-CSF of specific activity (1.25 X 10 7 CFU/250 mg) was 
from Immunex, Seattle, WA; TNF-a of specific activity (2.5 X 10 7 U/mg) was 
from Cetus (Emeryville, CA); IL-4 of specific activity (5 X 10 6 IU/mg) was 
from Biosource International (Camarillo, CA); IL-2 of specific activity (18 X 
10 6 IU/mg) was from Cetus; IL-12 of specific activity (5 X 10 6 U/mg) was a 
kind gift from Dr. S. Wolf (Department of Immunology, Genetics Institute, 
Cambridge, MA). The anti-human Fas mAb CHI 1 was purchased from Up- 
state Biotechnology (Lake Placid, NY). mAb to actin, Bcl-2, Bcl-x L , and Bad 
were purchased from Santa Cruz Biotechnology (Santa Cruz, CA). All other 
specific mAb and isotype controls were obtained from BD PharMingen (San 
Diego, CA). 

Synthetic peptides 

Peptides used were E75 (HER-2: 369-377) and its mutated analogs (Table 
I). To facilitate presentation, E75 variants mutated at Ser 5 are abbreviated 
based on the position and the substitution. For example, the variant in 
which serine was replaced by alanine is S5A; the variant in which serine 
was replaced with glycine is S5G. A7.3 in which the alanine side chain was 
extended with two methylene groups was obtained by replacement of Ala 
with Norleucine (linear side chain). F8- 1 was obtained by replacing of Phe 8 
with isophenylalanine (1 CH2) deletion. All peptides were prepared by the 
Synthetic Antigen Laboratory of M. D. Anderson Cancer Center (Houston, 
TX) and purified by HPLC. The purity of the peptides ranged from 95- 
97%. Peptides were dissolved in PBS and stored frozen at -20°C in ali- 
quots of 2 mg/ml. 

Molecular modeling of the peptide: HLA-A2 complex 
The coordinates of the native HLA-A2 structure (14, 18, 19) were down- 
loaded from the Brookhaven protein database (ID number: 3HLA). This 
file was used as a template for manipulations with the Swiss Model (20) 
program available through the Expasy web site. The Tax peptide bound to 
the HLA-A2 (21) was mutated manually to yield the bound E75 peptide 
and the Ala 5 , Gly 5 , and Lys 5 variants. Each new structure was submitted 
for energy minimization with the GROMOS96 implementation of the 
Swiss-PdbViewer. Solvent-accessible surface area was calculated with the 
GETAREA1.1 online program with the default probe radius, set at 1.4 A. 

T cell stimulation by peptide-pulsed DC 

DCs generated from peripheral blood were plated at 1 .2 X 10 5 cell/well in 
24-well culture plates and pulsed with peptides at 50 /xg/ml in serum-free 
medium for 2 h before the addition of responders, as described (15, 16). 
E75-induced and S5K-induced CTL lines were maintained by periodic 
stimulation with peptide pulsed on DCs, followed by expansion in the 
presence of irradiated feeder cells and PHA. The number of cells express- 
ing a TCR that was specific for HLA-A2 bound to the E75 peptide (E75- 
TCR + cells) was performed using E75 dimers (dE75) prepared as de- 
scribed in the manufacturer's instructions. Empty HLA-A2:IgG dimers 
were obtained from BD PharMingen. Control without peptide dimers not 
pulsed with peptide (NP) were prepared in parallel and tested in the same 
experiment. Positive control influenza matrix peptide Ml (58-66) dimers 
(dMl) were prepared simultaneously and used in the same experiment. For 
analysis, cells were incubated in parallel with dNP, and dE75 followed by 
PE-conjugated anti-mouse IgG 1 . Intracellular expression of Bcl-2 was de- 
termined, following manufacturer's instructions using FITC-conjugated 
Bcl-2, Ab, and a matched FITC-conjugated isotype control. 

CTL and cytokine assays 

Recognition by CTL of peptides used as immunogens was performed as 
described (17). Recognition of E75 and of its variants was considered 
specific when the percent specific lysis of T2 cells pulsed with E75 minus 
the SD was higher by at least 5% than the percentage of specific lysis of T2 
cells that had been pulsed with peptide plus the SD, as described (22). A 
significant increase/decrease in CTL activity was defined as an increase/ 
decrease of >20% in the lysis of T2 cells pulsed with peptide by variant- 
induced CTL compared with wild-type E75-induced CTL. Similarly, a sig- 
nificant increase in IFN-y induction was defined as an increase of >20% 
in IFN-y levels after stimulation with the variant vs after stimulation with 
the wild-type E75. The 20% value was chosen as a cut-off for significant 
increase based on the assumption that if a 2-fold increase of the minimum 



4 Abbreviations used in this paper: DC, dendritic cell; pMHC- 1 , peptide-MHC- 1 com- 
plex; HER-2, HER-2/neu protooncogene; NP, not pulsed with peptide; FW, forward 
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Table I. HLA-A2 binding stability by E75 and its variants" 



Code 




Binding 
Stability 


Ligation* 
Strength 


Change 


E75 


KIFGSLAFL 


482 


28 


Wild type 


K1G 


GIFGSLAFL 


138 


28 


Positive charge-meutral 


S5A 


KIFGALAFL 






OH— »nonpolar aliphatic 


S5G 


KIFGGLAFL 






OH— »neutral 


S5K 


KIFGKLAFL 


482 


29 




F8K 


KIFSGSLAKL 


88 


30 


AromaTtol+y' 86 










charged 


F8Y 


KIFGSLAYL 


482 


28 


OH in aromatic residue 


F8D 


KIFGSLADL 


236 


28 


Aromatic to (— ) 


A7.3 K1FGSL (NLeu)FL 


nd c 


nd 


charged 
2 CH2 extension of 










Ala 7 


F8-1 


K1FGSLA (Iso-Phe)L 


nd 


nd 


1 CH2 deletion of Phe 8 



" The binding stability is an estimate of half time of dissociation (in minutes) from 
HLA-A2 of peptides of the sequence listed above. The theoretical half-life of disso- 
ciation was calculated using Parker's algorithm (27) available at http://bimas.dcrt.ig. 
gov/molbiol/hla-bind. 

* The ligation strength was calculated using the SYFPEITHI program (28). The 

onT2 cells after incubation with peptides and staining with MA.2. 1 mAb were: NP = 
90, E75 = 305, S5G = 295, S5A = 290, S5K = 285, K1G = 240, and F8Y = 305. 



5% increase (defined above) is 10%, then an increase >10% should be 
significant if it equals at least 20%. Equal numbers of viable effectors were 
used in all assays. IL-2, IL-4, and IFN-y were detected using cytokine 
ELISA kits (Biosource International or R&D Systems, Minneapolis, MN) 
with a sensitivity of 4-7 pg/ml (15). 
Apoptosis assays 

E75- and S5K-CTL lines were activated by autologous DCs pulsed with 
various concentrations of E75 or S5K in the presence or absence of 100 
/xg/ml of CHI 1. For anti-CD3-mediated apoptosis, OKT3 mAb was ab- 
sorbed on wells of 96-well plates overnight before addition of lymphocytes 
(23). For day 1 apoptosis assays, IL-2 was not added to the cultures. For 
day 4 apoptosis assays, IL-2 (300 IU/ml) was added to the cultures at 24 
and 72 h after stimulation with DC-pulsed peptides. Detection of Fas- 
mediated apoptosis was performed in the presence or absence of the ago- 
nistic mAb CHI 1 (anti-Fas mAb) as described (23). Cells were labeled by 
incubation in PBS containing 0.1% Triton X-100 and 50 (xg/ml propidium 
iodide, and the DNA content was determined by using flow cytometry. 
Western analysis 

A total of 2 X 10 6 S5K-CD8+ cells were stimulated for 96 h with E75, 
S5K, A7.3, or F8-1 peptides pulsed on DCs at a final concentration of 25 
/Ag/ml. Additional controls included cells that were stimulated with T2 that 
had not been pulsed with peptide, or S5K cells that were not stimulated or 
cells that were stimulated with PHA. A total of 20 jug of protein from 
supernatants from 10,000 g of postnuclear detergent lysates were separated 
on a 12% SDS-PAGE gel and immunoblotted as described (24). Mem- 
branes were probed with monoclonal anti-actin, anti-Bcl-2 (1:500), anti- 
Bad (1:500), or anti-Bcl-x L (1:500) in 1% BSA-TBS containing 0.1% 
Tween 20 for 2 h at 25°C, and probed with peroxidase-linked sheep anti- 
mouse Ig (1:1000) in 1% BSA-TBS containing 0.1% Tween 20. Immuno- 
reactive bands were detected by ECL as described (24). 

Results 

Generation of E75 variants directed by molecular modeling 
The rationale for this approach was to identify amino acids in E75 
permissive to replacement that would be substituted without abol- 
ishing the objects of the variant peptide to induce CTL responses. 
Substitutions in side chains that maintain the overall conformation 
of the peptide backbone in the HLA-2 are more likely to lead to 
cross-reactive Ag for wild-type Ag-specific CTL than are substi- 
tutions that change the peptide backbone conformation. We mod- 
eled the E75-HLA-A2 complex by replacing the human T cell 
lymphotropic virus- 1 peptide Tax with E75. The Tax peptide (25, 
26) shows the highest structural similarity with E75 of the models 
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available in the databases. The Tax sequence LLFGYYVYV is sim- 
ilar to that of E1S-.KIFG SL AFL with respect to the position of 
aromatic residues in P3 and P8 and the aliphatic side chain exten- 
sions in the first four and the last three amino acids (only Kl and 
F8 differ by an NH3 and an OH group extension). The major dif- 
ferences rest in the central area P5 P6:YP vs SL. One Tax analog, 
P6A, shows even more similarity with E75 YA vs SL, with Ala 
and Leu differing only in the propyl side chain. This comparison 
allowed identification of the side chains that point upwards or side- 
ways and will be more likely to contact TCR. The results show that 
the side chains of Lys 1 , Ser 5 , and Phe 8 point out of the binding 
pocket of the MHC (Fig. IA). The side chains of Phe 3 , Leu 6 , and 
Ala 7 point toward the helical "walls" of the pocket (Fig. \A). The 
models of the TCR-pMHC-I (HLA-A2) interaction predict that of 
the side chains pointing away from the MHC, Ser 5 , Leu 6 , and Ala 7 
are most likely to contact the CDR3 (Va + Vj3) region. We fo- 
cused on Ser 5 because the change induced by the removal of the 
hydroxyl group was likely to have the strongest effects. 

Ser was substituted with Ala, Gly, and Lys. These substitutions 
removed an HO-group (Ala), a HO-CH2-group (Gly), or replaced the 
OH group with the aminopropyl (CH2-CH2-CH2-NH3) group. The 
position of the OH suggests that it is less involved in interactions with 
the HLA-A2 (Fig. I A). No significant changes of the MHC molecule 
were necessary to accommodate these modifications (Fig. 1, B-D). 
Ser 5 is preceded by Gly 4 , which because it does not have a side chain, 
is very flexible and may allow small accommodations in the model. 
The positions of Phe 3 and Lys 1 that precede the Ser 5 seem to be 
unchanged among the four models. These results indicate that Ser 5 is 
in a good structural position to allow side chain replacements in the 
antigenic peptide that can modify its interactions with TCR. S5A, 
S5G, and S5K bound to HLA-A2 with similar affinity as did E75 
(Table I). In T2-stabilization assays, S5A, S5G, and S5K showed 
similar stabilizing ability for HLA-A2 as determined with mAb 
MA2.1 (Table I), and similar scores for times of dissociation and 
ligation strengths (Table I) with those of E75 as determined using the 
HLA-peptide binding prediction (27) and SYFPEITHI programs (28). 

Increased IFN-y- inducing and E75-specific CTL-inducing ability 
of the E75-variants S5A and S5G 

To address whether modification of the E75 side chain by deletion 
or extension would increase or decrease the ability of the modified 
Ag to stimulate CTL induction and survival, we tested several 
healthy donors known from previous studies to produce E75-spe- 
cific CTL at priming ("strong responders", donors 1 and 2) or 
exhibit weak CTL activity after several repeated stimulations 
(weak responders, donor 3). PBMC were stimulated in parallel 
with autologous DCs pulsed with E75 variants. Donor 1 responded 
with higher levels of IFN-y at priming with variants S5K, S5G, 
and S5A, and lower levels of IFN-y at priming with control vari- 
ants F8Y and F8K than at priming with E75 (Fig. 2, A and B). CTL 
induced by priming with E75 recognized E75 better than did CTL 
induced by S5K, F8Y, or F8K, whereas CTL induced by S5G and 
S5A recognized E75 better than CTL induced by E75. S5A and 
S5G induced both higher levels of IFN-y and higher cytolytic ac- 
tivity than did E75. Thus, removal of the OH group correlated with 
higher IFN-y induction and higher lytic activity against E75. CTL 
induced by S5K secreted higher levels of IFN-y, but their recog- 
nition of E75 was weaker. Thus, replacement of OH group with 
aminopropyl group had more selective effect than removal of the 
OH group. Extension of these results with cells from donor 2 re- 
vealed that all at the E75 variants induced higher levels of IFN-y 
at priming than did E75: S5K by 36%, S5A by 100%, and S5G by 
64% (Fig. 2Q. Significantly higher levels of IFN-y were detected 
96 h after stimulation with each variant in response to the highest 
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dose (25 jag) of exogenously pulsed peptide in the presence of IL-2 
for 2 days. Significant differences in IFN-y induction were not 
observed when E75 or its variants were used at 1.0 or 5.0 /xg/ml at 
48 or 72 h. The E75-specific lytic activity of CTL induced by S5A 
was significantly higher than the lytic activity of CTL induced by 
E75 (Fig. ZD). The increase in lytic activity by S5A paralleled the 
increase in IFN-y in response to S5A. Recognition of E75 by S5K- 
CTL was lower than the recognition by E75-CTL. CTL induced by 
the E75, S5K-CTL, and S5A-CTL all recognized the indicator 
SKOV3.A2 tumor. To determine whether E75-specific tumor-lytic 
CTLs were present in the variant-induced CTL, we performed 
cold-target inhibition of tumor lysis. Tumor lysis by S5K-CTL was 
inhibited less by T2-E75 than lysis by E75-CTL (Fig. IE). This 
confirmation that S5A can induce both higher IFN-y and higher 
lytic activity against E75 suggested that the OH group of Ser s 
hindered the TCR interaction with peptide-HLA-A2 and that re- 
moval of the OH group allowed a stronger TCR activation. How- 
ever, at restimulation, the number of cells stimulated by S5A and 
S5G dropped faster than the number of cells that had been stim- 
ulated by E75. Cells stimulated by S5K survived longer than E75- 
stimulated cells (Fig. 2F), suggesting that the stimulus from the 
(CH2)3-NH3 was more effective than stimuli from the CH3 or the 
CH2-OH in maintaining the survival of responders. 

Stimulation with S5K enhanced survival of responding T cells 
Cancer patients are weak responders to E75 and require repeated stim- 
ulation for CTL induction. To clarify the differences between E75 and 
S5K in the induction of cytolysis, we tested T cells from donor 3 for 
whom several stimulations with E75 were required to induce detect- 
able CTL activity, but responded with IFN-y secretion at priming 
(16). S5K and E75 induced similar levels of IFN-y at priming and at 
restimulation (Fig. 3A). The kinetics of induction of E75-specific CTL 
in relation to the number of stimulations is shown in Fig. 3S. E75 
again induced higher E75-specific lytic activity than did S5K. Like 



donor 2, E75 -stimulated cells from donor 3 declined in number after 
the third stimulation with Ag more than the S5K-stimulated cells (Fig. 
3C). These results showed that S5K induced better survival in re- 
sponders than E75. These results were confirmed in subsequent stim- 
ulation experiments. In parallel experiments, priming with E75 in- 
duced lower levels of Bcl-2 in CD8 + cells than did priming with S5K. 
There were only small differences in Fas ligand, Fas, and IL-2Ra 
expression between E75-stimulated and S5K-stimulated donor 3 
CD8 + cells (A. Castilleja and C. G. Ioannides, unpublished ob- 
servations). 

S5K-induced CTL recognized E75 with lower affinity than E75- 
induced CTL 

Weaker recognition of E75 by the S5K-CTL raised the question of 
whether S5K induced smaller numbers of CTL than E75, or 
whether the CTL induced by S5K had lower affinity for E75 than 
for S5K. To address the recognition of variant-induced CTL, we 
tested their ability to recognize E75 and the inducing variant in 
parallel. S5A-CTL (donor 1) recognized S5K weaker than S5A 
(24% decrease), suggesting that extension of the CH2 side chain in 
position 5 with OH and (CH2)3-NH3 groups, respectively, hin- 
dered TCR recognition. Similarly, donor 3 S5K-CTL recognized 
E75 weaker than they recognized S5K (Fig. 4A). To verify that 
S5K is recognized with lower affinity than E75 by donor 3 E75- 
CTL, we performed concentration-dependent lysis. E75-CTL rec- 
ognized S5K with lower affinity than E75. S5K recognition was 
close to recognition of E75 (32 vs 41%) only at high concentra- 
tions (50 /xg/ml; Fig. 45). Similarly, S5K-CTL recognized E75 
with lower affinity than S5K (Fig. 4Q. These results demonstrated 
that the OH and aminopropyl groups selectively modulated the 
affinity of recognition. To address whether E75-specific CTL were 
present in smaller numbers in S5K-CTL, we tested recognition of 
E75 at the same concentration (10 /xg/ml) at four E:T ratios (10, 
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20, 30, 40). Even at the highest E:T ratio of 40:1, S5K-CTL rec- 
ognized E75 (25.4% lysis) to a significantly lesser extent than did 
E75-CTL at an E:T ratio of 10:1 (48.2% lysis). 
S5K-CTL recognize endogenously presented E75 
Because S5K-CTL survived longer than E75-CTL, this raised the 
possibility that S5K could be used to induce CTL-recognizing tumors. 
To determine whether S5K-CTL recognized endogenous E75 in cy- 
tolysis assays, we performed cold-target inhibition of tumor lysis. T2- 
E75 inhibited lysis of freshly isolated ovarian tumor OVA- 16 (HLA- 
A2 + , HER-2 high ) by 21% in an 8-h CTL assay, and by 45% in a 16-h 
assay (Fig. 5, A and B). Similar inhibition (38%) was observed against 
SKOV3.A2 in a 16-h assay (data not shown). These results indicated 
that S5K-CTL recognized the endogenously presented E75 by ovarian 
tumor cells overexpressing HER-2. The levels of inhibition of lysis 
indicative of specific recognition were similar to those levels observed 
with donor 2, E75-CTL, and S5K-CTL (Fig. IE). We also tested 
S5K-CTL ability to secrete IFN-y at an encounter with the ovarian 
tumor SKOV3.A2 and its HLA-A2" counterpart SKOV3. This was 
necessary because the tumor and responding lymphocytes shared 
HLA-A3. S5K cells secreted high levels of IFN-y within 20 h, when 
IL-1 2 was used as costimulator (Fig. 5C). IFN-y was induced even in 
the absence of IL-1 2, but at lower levels. mAb inhibition experiments 
indicated that IFN-y secretion was associated with recognition of 
HLA-A2. (data not shown). This indicated that present among the 
S5K-induced CTL was a subpopulation of cells that recognized en- 
dogenously presented E75 by cytolysis and IFN-y secretion. 



Antiapoptotic e, 



r ofE75 in S5K-activated CD8 + cells 



Induction of CTL by the variant S5K raised the question of 
whether such cells could survive an encounter with E75 since E75 
is present in vivo. To address whether E75 can induce CD95- 
mediated apoptosis, E75-CTL and S5K-CTL were stimulated with 
E75 and S5K in parallel in the presence of the agonistic Ab CHI 1. 
Three days after stimulation with E75, 46% of the E75-CTL had 
undergone apoptosis, whereas only 15.4% of the S5K-CTL were 
apoptotic after stimulation with S5K (data not shown). In contrast, 
when S5K-CTL were stimulated with S5K or E75, cells stimulated 
with E75 survived longer and may have increased in number as 
compared with the cells stimulated with S5K. Stimulation of S5K- 
CTL with 25 or 50 fig/ml E75 for 4 days increased the number of 
CD8 + cells by 26 and 64%, respectively. Stimulation of the same 
cells with anti-Fas mAb increased their numbers by 0.93 and 
27%, respectively (Fig. 6, A and 5), but no increase in cell number 



FIGURE 2. Induction of effector functions in donor 1 (A and. B) and 
donor 2 (C-E) at priming with the wild-type CTL epitope E75 and its 
variants. A and C, IFN-7; B, D, and E, Cytolysis. A and C, IFN-y was 
determined from supernatants collected from the same cultures which were 
used on day 8 for CTL assays. B, D, and E, Equal numbers of effectors 
from each culture were tested in the same experiment. Results indicate the 
percentage of E75-specific lysis obtained by subtracting the specific lysis 
of T2 cells not pulsed with peptide, from the specific lysis of T2 cells 
pulsed with 25 fig/m! E75 in the same experiment. The E:T was 20:1. 
Stimulators were autologous DCs pulsed with 25 jug/ml peptide. NPs in- 
dicate control effectors that were stimulated only with autologous DCs 
which were not pulsed with peptide. E, Effectors E75-CTL, S5K-CTL, and 
S5A-CTL lysed the indicator ovarian tumor SKOV3.A2. Specific cold tar- 
get inhibition indicates the percentage of inhibition of lysis of SKOV3.2 
cells by cold (unlabeled) T2-E75 cells minus inhibition of lysis in the 
presence of T2-NP cells. S5G-CTL were not used in this experiment be- 
cause their numbers declined rapidly after restimulation. E:T ratio was 
30: 1 , cold:hot ratio was 1 0: 1 . F , Percentage of live cells in donor 2 cultures 
primed and restimulated with each variant 30 days after priming. Note the 
decrease in live cells in cultures stimulated with S5A or S5G. *,p < 0.05. 



IMMUNOGENIC C-SIDE CHAIN VARIANTS 





FIGURE 3. A, Kinetics of IFN-y production; B, E75-specific CTL induction; and C, survival of donor 3 CTL stimulated by E75 and S5K. Experimental 
details as described in the text and the legend to the Fig. 2. A, IFN-y was determined on day 3 after stimulation with each peptide. The numbers 1, 2, and 
3 indicate the number of stimulations. Equal numbers of live cells from E75- and S5K-stimulated cultures were stimulated with autologous DC pulsed with 
the corresponding peptide. C, The number of live cells recovered was determined 1 wk after the third and the fifth stimulations. 




was observed in the absence of CHI 1. Notably, S5K-CTL contin- 
ued to respond to S5K with higher levels of IFN-y, but lower 
levels of IL-2, than did cells treated with E75 (data not shown). 

To address whether E75 and S5K interfered with apoptosis path- 
ways, S5K-CTL were restimulated with E75 or S5K at two dif- 
ferent concentrations or remained unstimulated (group 0, DC only) 
in the presence of CHI 1. Apoptosis analysis was performed at 24 
and 96 h. Both E75 and S5K inhibited the residual Fas-apoptosis 
within 24 h and this inhibition was peptide concentration-depen- 
dent (Fig. 6C). When apoptotic cells were counted on day 4, both 
peptides were protective, but E75 seemed to be more protective 
than S5K (Fig. 6C, day 4). 

To confirm the antiapoptotic effects of E75 and S5K on S5K- 
CTL, we performed cell cycle analysis. Analysis of cells in the 
subG, phase (Fig. 6D) showed that 46% of the unstimulated S5K 
cells became apoptotic. E75 and E75 + CHI 1 inhibited this apo- 
ptosis by 83%. S5K had a slightly lower inhibitory effect (63% 
inhibition). S5K + CH11 reduced apoptosis by only 24% com- 
pared with unstimulated S5K-CTL confirming the results in Fig. 
65. The percentage of cells in G, phase (resting) was similar in 
both stimulated and control unstimulated cells (50 ± 5%). The 
percentages of CD8 + cells in S phase in cultures stimulated with 
E75 or S5K were also similar. Of interest, the proportion of cells 
in the S phase was higher in cultures stimulated by E75 + CHI 1 
than in cultures stimulated with S5K + CHI 1 , suggesting that E75 
transmitted a stronger stimulatory signal for division of S5K-CTL 
than their original inducing Ag. The differences between cells in 
the G 2/M phase were small compared with the unstimulated cells, 
and they were not considered significant. These results agree with 
the higher proliferation of S5K-activated CD8 + cells in response 
to E75 than to S5K (Fig. 6, A and 5). 



Apoptosis resistance in stimulated T cells at day 4 is mainly due 
to the intrinsic pathway (29). Because resistance to Fas-induced 
apoptosis was suggestive of TCR-induced protection, we investi- 
gated the effects of E75 and S5K in up-regulation of Bcl-2, Bcl-x L , 
and Bad. Unstimulated and DC-NP-stimulated CD8 + cells from 
S5K-CTL were used as negative controls, while S5K-CTL stimu- 
lated with the agonists A7.3 and F8-1 were used as positive con- 
trols. E75 induced a higher Bcl-x L to Bad ratio than S5K. A7.3 and 
F8-1 variants induced even higher Bcl-x L to Bad ratios than E75, 
indicating that their effects were sequence-specific (Fig. 1A). S5K 
was a slightly stronger up-regulator of Bcl-2 than E75. The inhib- 
itory effects of E75 and S5K on Bad up-regulation were similar, 
although E75 was a slightly stronger inhibitor. These results indi- 
cate that E75-mediated protection from CD95-mediated apoptosis 
of S5K-CTL correlated with down-regulation of proapoptotic fam- 
ily members. The increase in the level of expression of Bcl-2 was 
considered significant compared with the up-regulation of Bcl-2 
induced by a mitogen (PHA) in the same cells for 96 h. This is 
evident when the Bcl-2 and Bcl-x L to actin ratios are compared at 
stimulation with S5K and PHA vs the Bcl-2 and Bcl-x L to actin 
ratios in unstimulated cells (Fig. IB). For S5K stimulation, the 
ratios are 1.72 (Bcl-2) and 1.32 (Bcl-x L ), while for PHA stimula- 
tion the ratios are 1 .55 (Bcl-2) and 4.37 (Bcl-x L ). The increase in 
the levels of Bcl-2 and Bcl-x L at stimulation with PHA is compa- 
rable with the increase reported in other studies in the presence of 
a mitogen, but in the absence of IL-2. Increase in the Bcl-2 levels 
is in general observed if mitogen-activated T cells are given high 
doses of IL-2 (30, 31). Thus, activation and expansion of tumor- 
reactive CTL by the variant S5K allowed better survival of these 
CTL in response to the wild-type tumor Ag. 



FIGURE 4. Ag specificity of S5A- 
CTL, S5K-CTL, and E75-CTL. A, Donor 1 
S5A-CTL recognized S5K less efficiently 
than S5A. Donor 3 S5K-CTL recognized 
E75 with lower affinity than S5K. T2 cells 
were pulsed with E75 and S5K at 10 jug/ 
ml. B, Donor 3 E75-CTL recognized S5K 
with lower affinity than E75. C, Donor 3 
S5K-CTL recognized E75 with lower af- 
finity than S5K-CTL. Concentration de- 
pendent recognition of E75 and S5K in the 
same experiment. Targets were T2 cells 
pulsed with the indicated concentrations of 
peptide. B and C, Results of a 6-h CTL 
assay. E:T ratio was 10:1. *, p < 0.05. 
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To address whether E75 and S5K stimulation affected expan- 
sion, TCR expression, and Bcl-2 expression in E75 + TCR cells, 
S5K-CTL were stimulated with T2 cells pulsed with either E75 or 
S5K or not pulsed with peptide (T2-NP). The number of 
E75 + TCR cells was determined. One week later, to determine 
whether the affinity of the TCR for E75 was affected by the stimula- 
tion, we assessed expression of E75 + TCR cells both immediately 
after staining and after an additional 50-min incubation of dE75- 
stained cells in PBS (Fig. 7, C and D, and Fig. SA). For further re- 
finement, E75 + TCR expression and Bcl-2 expression were analyzed 
separately in two gated populations of smaller size (FW scatter: 380- 
600) and of larger size (FW scatter: 640-1000). In the small lympho- 
cytes (Fig. 7Q, the percentages of E75 + TCR cells were similar in all 
three stimulation groups and the E75 and S5K-stimulated S5K-CTL 
appeared to have similar affinities for dE75, which were stable >50 
min. In contrast, in the larger lymphocytes, the percentage of 
E75 + TCR cells was higher in the E75-stimulated than in S5K-stim- 



ulated S5K cells (Fig. ID). The affinity for E75 also seemed to be 
higher in the E75-stimulated group than in the S5K-stimulated group 
(Fig. &4). Because E75-stimulated cells proliferated better than S5K- 
stimulated cells, we calculated the number of E75 + -TCR cells in each 
stimulated culture. The number of E75 + -TCR cells in both small and 
large lymphocytes stimulated by E75 was higher than in the S5K- 
stimulated S5K-CTL (Fig. 85). The percentage increase was similar 
to the increase observed in CD8 + cells (Fig. 6, A and B). This finding 
confirmed that S5K-induced CTL expanded better when restimulated 
with E75 than when restimulated with S5K. The levels of E75 + TCR 
and Bcl-2 in the E75-stimulated S5K-CTL in the large lymphocytes 
were also higher than in the S5K-stimulated S5K-CTL (Fig. 8, C and 
D). This suggested that stimulation of S5K-CTL with E75 resulted in 
changes in receptor distribution or conformation that increased the 
binding of dE75 as suggested by Braciale and Spencer (32). These 
effects were not observed in the small E75 + TCR lymphocytes. Bcl-2 
levels were higher in the small lymphocytes after stimulation with 



S5K- CTL Stimulated with: 

A ^ B C D 




Peptide (jt g/ml) Peptide <u g/rril) ss SSK ss SSK 

FIGURE 6. Expansion of CD8 + cells from S5K-CTL after stimulation with E75 (A) or S5K (B) in the absence (O) or presence (•) of CHI 1 mAb. Equal 
numbers of S5K-CTL were stimulated with DCs pulsed with 0, 25, and 50 jug/ml of each peptide. The number of CD8 + cells was determined by 
flow-cytometry using anti-CD8 mAb-FITC conjugated. C, Ag-induced resistance to CD95-mediated apoptosis. S5K-CTL were stimulated with autologous 
DCs pulsed with E75 or S5K at 5 and 25 /J.g/ml or control no peptide (0). CHI 1 mAb was added 1 h later. The number of apoptotic cells was determined 
1 and 4 days later. D, Restimulation with E75 and S5K-induced resistance to CD95-mediated apoptosis in S5K-CTL stimulated 1 wk before with S5K. 
Apoptotic cells are shown in the panel subGl. Results are from one experiment representative of three independently performed experiments. Bars indicate 
unstimulated (■), E75 stimulated {W), E75 + anti-Fas mAb stimulated (H), S5K-stimulated (W), and S5K + anti-Fas mAb stimulated (□). 
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FIGURE 7. Expression levels of Bel-family members by S5K-CTL stimulated with the indicated peptides; or B, with PHA for 96 h. The same blot was used 
for probing with all Abs. 1 indicates unstimulated; 2 indicates PHA-stimulated cells. The numbers below the bands indicate the densitometric values (pixel total X 
10" 3 ) C and D, Expansion of E75TCR cells in S5K-CTL stimulated in parallel with T2-E75 (E75), T2-S5K (S5K), or with T2-NP (NP) as control for 1 wk. 
The presence of E75 + TCR cells was determined using dE75 (y-axis). Forward scatter (FW) is shown on x-axis. C, E75 + TCR cells expression in large lymphocytes 
(FW: 640-1000); D, E75 + TCR expression on small lymphocytes (FW: 380-600). The percentage of dNP + cells ranged from 0.1-0.5% in both populations. 



S5K compared with E75. E75-stimulated S5K-CTL recognized E75 
both as peptide and when endogenously presented by tumor (data not 
shown). Together these results indicate that priming CD8 + cells with 
agonists for induction of cytolysis that are weaker than the nominal 
wild-type Ag followed by restimulation with the wild-type Ag can 
bypass induction of apoptosis either by the wild-type Ag (at priming) 
or by the weak agonist (at restimulation). This effect leads to increased 
survival and expansion of antitumor effectors. 

Discussion 

In this paper, we investigated the possibility of using molecular mod- 
els of peptide:HLA-A2 complexes to select side chains that can in- 
duce CTL responses in T cells recognizing the HER-2 CTL epitope 
E75. The E75-HLA-A2 model identified several residues, Lys\ Ser 5 , 
Phe 8 , that point upwards and may contact the TCR. We found that 
Ser 5 variants affected activation of T cell effector functions and pro- 
duced differential levels of effector activity in CTL against the wild- 
type peptide E75. Modifications that removed the OH group led to 
variants that induced higher levels of IFN-y at priming. In addition, 
CTL primed by the variant S5A recognized E75 better in lytic assays 
than did CTL induced by E75. In contrast, modification of E75 by 
extending its side chain with an aminopropyl group lead to the S5K 
variant, which induced IFN-y in two strong responders to E75 but was 
not a better inducer of E75-CTL-specific activity. In a third donor, 



weak responder to E75, the potency of E75 and S5K to induce IFN-y 
was similar at priming and restimulation. S5K-CTL recognized E75 
with lower affinity than E75-CTL. Only at high concentrations of E75, 
its recognition by E75-CTL and S5K-CTL was similar. Sequential 
stimulations S5A->S5A, S5G-^S5G, and E75-»E75 led to death 
rather than to CTL expansion. 

A possible explanation for these effects may be provided if the 
effects of water (H 2 0) molecules are considered. The OH group of the 
Ser 5 can form H-bonds with residues in TCR. Intercalation of water 
molecules and formation of H-bonds with the OH group of Ser may 
decrease the affinity of binding to the TCR, while elimination of OH 
group may increase the number of hydrophobic interactions. Because 
the sequence of the TCR and crystal structures of TCR-E75-HLA-A2 
complexes are not yet available, we could not define the role of water 
molecules in the stimulation. Thus, deletion of the OH and CH2-OH 
(hydroxymethyl) groups induced death by overstimulation. Repeated 
stimulations with S5K minimized S5K-CTL losses due to apoptosis 
compared with stimulations with S5A, S5G, and E75. E75 and S5K 
were similar in their ability to induce IFN-y. The signal from S5K was 
weaker than the signal from E75 in that S5K induced significantly 
lower levels of IL-2 in the S5K-CTL than did E75 (A. Castilleja 
and C. G. Ioannides, unpublished observations). 

Once S5K-CTL were established and were protected from 
apoptosis by restimulation with S5K, signals from the wild-type 
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FIGURE 8. Stimulation of S5K-CTL with E75 significantly increased the number of E75 + TCR cells. A, Percentage of E75 + TCR cells in the large P) and 
small lymphocytes was determined immediately after staining and 50 min after washing and incubation of cells in PBS to dissociate low-affinity (;, /2 < 50 
min) TCR-dE75 complexes. Most small lymphocytes recognized E75 with t m of >50 min, while -50% of large lymphocytes had a l ll2 of 50 min for E75. B, 
Increase in the numbers of E75+TCR cells of S5K-CTL after stimulation with E75 and S5K large P) and small (0) lymphocytes. The numbers of live cells 
recovered after stimulation with T2-NP, T2-E75, and T2-S5K, and expansion in IL-2 were 2.7, 3.2, and 2.9 X 10 s cells, respectively. C, Increased levels of 
expression of E75 + TCR in large lymphocytes stimulated with E75 compared with S5K. The differences in MCF in small lymphocytes were minimal: 202 for E75, 
180 for S5K. D, Increased levels of expression of Bcl-2 in E75 + TCR large lymphocytes but not in small lymphocytes at stimulation with E75 or S5JC. All 
determinanons were performed in the same experiment. Results are from one determination representative of two with similar results. 



E75, or variants with Ala 7 side chain extended with 3CH2 groups, 
or Phe 8 with side chain shortened with 1CH2 group, induced even 
higher Bcl-x L :Bad ratios. In S5K-CTL, E75 also increased the 
levels of TCR expression and Bcl-2 expression more than S5K. 
Considering that S5K was recognized with lower affinity than E75 
by E75-induced CTL, it is possible that S5K is a weak CTL 
activator similar to homeostatic inducers (33, 34). A possible 
explanation for the low affinity of S5K-CTL for E75 is that the 
stimulus is not sufficiently strong to bring TCR together in the 
appropriate conformation for wild-type Ag recognition. This may 
have the advantage of extending the life of such CTL. Further 
studies with distinct agonists should address this question. 

One important consideration now emerging from lymphocyte acti- 
vation studies is that the CTL response to an Ag first expands and then 
contracts to bring down the number of activated effectors (35, 36). 
Reduction in the number of activated CTL is initiated by Ag and 
manifests by induction of apoptosis at restimulation a phenomenon 
that is amplified by IL-2 (37). The development of agonistic variants 
that more strongly activate antitumor effector CTL is a necessary re- 
quirement for immunotherapy. Such CTL may be useful if they can 
mediate immediate effects, i.e., tumor eradication upon activation. Re- 
peated stimulations/vaccinations with strong agonistic variants may 
lead to depletion of highly activated effectors (38, 39). This raises 
concerns regarding the use of agonistic variants that are stronger than 
the nominal Ag in cancer vaccination for induction of central and 
peripheral memory CTL, because the life span of T cells activated by 
agonistic variants may be limited. An additional consideration emerg- 
ing from activation studies is that agonist-induced effectors should 
survive and maintain their lytic function at encounter with the wild- 
type tumor Ag. We noted that CTL induced by wild-type E75 showed 
poor viability after two to three rounds of stimulation. This pattern of 
response is in agreement with the general pattern of responses to activa- 
tion by self-specific T cells to avoid induction of autoimmunity (40). 

Activation of antitumor effector CTL by weak agonists followed by 
wild-type Ag is a novel approach to promote their expansion and 
functional competence that has not been described before in human 
tumor systems. Similarly, protection from apoptosis and expansion of 
these cells by the self-peptide tumor Ag is also a novel finding for 
tumor systems. Such effectors may be useful for controlling the 
growth of tumors that express high levels of tumor Ag (e.g., HER-2). 
In addition, low-level activation of effector functions by weak ago- 
nists that can also induce homeostatic proliferation may be useful for 



immunotherapy after chemotherapy or radiation treatments, both of 
which are known to reduce leukocyte counts. This possibility is sup- 
ported by studies with experimental models showing that activated 
low-avidity CTL that are specific for a self Ag can induce tumor 
rejection (40), and that stimulation of low-affinity clones can break 
tolerance to T cell epitopes (41, 42). Earlier studies demonstrated that 
differential TCR signaling can regulate functional activation and ap- 
optosis in T cells (43). High-strength TCR-Ag interactions lead to 
activation-induced cell death, while low-strength TCR-Ag interac- 
tions can promote death by neglect. However, depending on the nature 
of TCR-Ag interactions, a range of cellular responses can be induced to 
avoid cell death (44). Recent manipulations of such responses have in- 
volved the use of "null ligands" to attenuate the signaling by strong ago- 
nists for high-affinity CTL activation (45), the use of stronger agonists to 
improve the proliferative capacity of low-avidity CTL (46), and the use of 
molecular modeling to direct repairs in weak/partial agonists (10). 

Priming a CTL response to an immunodominant epitope simulta- 
neously results in priming to variants of the peptide sequence that the 
individual has not encountered (47, 48). Our previous studies dem- 
onstrated that ovarian and breast tumor-associated lymphocyte, which 
recognized E75, also recognized better variants S5A and S5G (49). 
This suggested that CTLs that recognized these variants were present 
in patients. The possible contribution of such clones to the immune 
response against tumor is still unknown (50-52). Our results show 
that CTL survival and effector function can be enhanced by sequential 
stimulation with Ag variants followed by wild-type Ag. This strategy 
allows the response to be followed or shifted to clones that may be 
endowed with better survival capacity and can differentiate to periph- 
eral memory cells, or clones with better effector function as needed. 
Because S5A and S5G are stronger agonists than S5K, while F8Y and 
F8K appear to be weaker agonists than S5K, it will be important to de- 
termine how exposure to these variants can maintain the focus of the CTL 
response to the wild-type tumor Ag, and which vaccination strategy is 
more effective in maintaining a response against tumors in patients with 
persistent disease. Ongoing studies in our laboratory aim to address the 
effects of sequential stimulation with homeostasis inducers, strong ago- 
nists, and weak agonists in developing an antitumor response. 
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